ABSTRACT Background: Some studies have reported that overall diet quality affects bone status in postmenopausal women; however, the findings are inconsistent. Objectives: Our primary objective was to examine the association between overall diet quality and bone turnover markers (BTMs) in postmenopausal women aged 45 y by using the Healthy Eating Index 2005 (HEI-2005)-a diet quality-assessment tool-developed by the US Department of Agriculture. Our secondary objective was to explore the associations between the components of the HEI-2005 and the MyPyramid food groups and BTMs. Design: We used cross-sectional data from NHANES 1999NHANES -2002. Multiple regression models with adjustments for relevant confounders were used to examine the relation between the total HEI-2005 score and its components and food groups and serum bone-specific alkaline phosphatase (BAP), a biomarker of bone formation, and urinary N-telopeptides/creatinine (uNTx/Cr), a biomarker of bone resorption. Results: No association was found between the total HEI-2005 score and BTMs. The milk group component of HEI-2005 had a significant negative linear relation with uNTx/Cr. Women in the lowest tertile of the MyPyramid milk group had the highest uNTx/Cr. Those in the highest tertile of energy-adjusted added sugar intake had the highest BAP. Conclusions: Our results support the ability of a healthy diet with adequate dairy intake to promote bone health in aging women. However, we found that the HEI-2005 is not a good measure of healthy eating for optimal bone health. Further research is needed to develop an overall dietary assessment tool in relation to bone health for postmenopausal women.
INTRODUCTION
Diet is a major modifiable lifestyle factor in the prevention and management of osteoporosis (1, 2) . In the past decade, the focus of nutrition research has shifted from examining single nutrients, such as calcium or vitamin D, to food groups such as dairy or fruit and vegetables as well as overall dietary patterns (3) (4) (5) . Some evidence indicates that, in addition to dairy products, adequate intake of other food groups such as fruit, vegetables, whole grains, and meat and beans, may improve bone status (5, 6) . Each of these dietary factors is involved in certain aspects of bone health and can explain a small portion of overall bone status (7) . Therefore, the overall diet may better predict bone status than does a single food group (2, 3) . However, study results are inconsistent; some studies report that healthier dietary patterns improve bone status (8) (9) (10) (11) , whereas others show no association (12, 13) .
Around the age of 45 y, gradual hormonal changes in women alter the bone turnover rate, increasing bone resorption over formation, which may lead to osteoporosis (14, 15) . Independent of age and bone mineral density (BMD) and in the absence of osteoporosis drug therapy, an increased rate of bone turnover in postmenopausal women has a detrimental effect on bone microarchitecture and is associated with an increased risk of osteoporotic fractures (16) (17) (18) ). An average 50-y-old woman has about a 40-50% lifetime risk of an osteoporotic fracture resulting in significant personal and societal burden (19) .
Currently, it is not clear whether diet as a whole or as individual dietary components is a better predictor of bone metabolism in aging women. The main objective of this study was to assess the relation between overall diet quality and bone turnover markers (BTMs) by using the Healthy Eating Index 2005 (HEI-2005) (20) in US postmenopausal women aged 45 y. We also explored the associations between the components of the HEI-2005 and the MyPyramid food groups (21) and BTMs.
SUBJECTS AND METHODS

Study design and setting
The cross-sectional data from NHANES cycles 1999-2000 and 2001-2002 , conducted by the National Center for Health Statistics Centers for Disease Control and Prevention (CDC), was used.
This survey, is a series of cross-sectional studies with a complex, stratified multistage probability sample design, and is representative of the civilian, noninstitutionalized US population. Detailed descriptions of the protocols, data-collection methods, and response rates are documented elsewhere (22) . The NHANES protocol was reviewed and approved by the National Center for Health Statistic's Institutional Review Board. Informed consent was obtained from all participants. The University Health Network Research Ethics Board approved this study protocol.
Subjects
Our study included postmenopausal women aged 45 y who, at the time of interview or examination, were not taking steroids, were not receiving estrogen or hormone replacement therapy, were not using osteoporosis treatment medications, and had no kidney or liver disease, cancer (except for basal cell carcinoma), or rheumatoid arthritis. Women were considered postmenopausal if they were aged 45 y with 12 mo of amenorrhea or, in the case of surgical menopause, they had had a hysterectomy with bilateral oophorectomy or were aged 50 y with folliclestimulating hormone concentrations .45 IU/L (23). Those with missing data for inclusion criteria, dietary intake data, or both outcome variables were also excluded from the analysis (,10% of total eligible sample).
Exposures
The Healthy Eating Index (HEI), developed in 1995 by the US Department of Agriculture (USDA), is one of most commonly used diet quality-assessment tools in the United States, combining dietary guidelines for nutrients and food groups into one summary measure (24) . In 2006, the HEI was revised to reflect changes in the 2005 Dietary Guidelines for Americans (20) . The HEI-2005 has 12 components, and its total score ranges from 0 to 100. When the intake levels of the lowest recommended amount per 1000 kcal are met for the 9 components [total grains, total fruit, total vegetables, whole grains, whole fruit, dark-green and orange vegetables and legumes (5 points each), milk, meat and beans, and oils (10 points each)], the maximum scores are achieved and scores for lesser intake levels are prorated linearly. Minimum and maximum scores for 3 components-saturated fat, sodium (10 points each), and "calories from solid fats, alcoholic beverages, and added sugars" (a proxy for discretionary calories) (20 points)-are based on population probability densities and are expressed per 1000 kcal for sodium and as percentages of total calories for saturated fat and discretionary calories. Scores for intakes between the maximum and minimum levels are prorated.
A 24-h dietary recall interview was conducted by trained personnel to record all foods and beverages consumed from midnight to midnight the day before the examination (22) . Data files for calories and MyPyramid food groups, based on the 24-h dietary recall, were downloaded from the USDA Center for Nutrition Policy and Promotion website (21) . SAS codes, provided by the USDA, were used to calculate the HEI-2005 scores (25) from the 24-h dietary recall data.
Outcomes
We chose to examine BTMs as our primary outcomes, because BTMs are independent predictors of fracture and low BMD (16, 17) . In addition, BTMs change quickly in response to interventions and are more appropriate for a cross-sectional study using a 24-h dietary recall than are BMDs, which may respond to longer-term interventions. The 2 BTMs measured in NHANES 1999-2002 are bone-specific alkaline phosphatase (BAP, in lg/L), a marker of bone formation, and urinary N-terminal cross-linked telopeptide of type I collagen [uNTx, in nmol bone collagen equivalents (BCE)/L], a marker of bone resorption (22) . Both of these markers are among the most sensitive and specific markers of bone turnover (16) . High concentrations of BAP and uNTx are independent risk factors for osteoporotic fractures and low BMD in healthy postmenopausal women who are not taking osteoporosis medications (17, 26) . Some evidence indicates that fasting reduces the effect of food intake, intestinal alkaline phosphatase, and circadian rhythm on BTMs (28) (29) (30) . Therefore, only those who fasted for 6 h were included in our analysis. The uNTx concentrations were adjusted for urinary creatinine (Cr) excretion to control for urine dilution, and the results (uNTx/Cr) are expressed as nmol BCE per mmol creatinine.
Confounders
All confounders in the linear regression models were chosen a priori based on their reported relation with bone health in the existing literature. The following variables were considered as confounders in the regression models: age group (45-65 or .65 y) (31); ethnicity (non-Hispanic white, non-Hispanic black, Mexican American, or other Hispanics and other ethnicities, including multiracial (32, 33) ; education (high school education or less, or some college/graduate school) (34) ; income (,$20,000 or $20,000) (34); physical activity (yes or no) (35) ; nicotine exposure (yes or no) (36); alcohol intake (yes or no) (37); daily supplement use (yes or no); calcium and/or vitamin D supplement use (yes or no) (38) ; caffeine (,300 or 300 mg/d) (39); total calorie intake (kcal) (7); season of examination (1 November through 30 April or 1 May through 31 October) (40); osteoporosis (yes or no); fractures (yes or no); session (morning, or afternoon or evening) (41); use of prescribed medications in the past month (yes or no) (42); and central adiposity (yes or no) (43, 44) .
Women who reported regular walking, climbing stairs or hills, heavy work, carrying heavy loads, or doing moderate or vigorous activity in the past month on the Physical Activity Questionnaire were considered to be physically active. Nicotine exposure was defined as currently smoking or serum cotinine concentrations .3 ng/mL (45) . Women who reported using supplements 3 times/wk within the past 30 d on the Dietary Supplements Questionnaire were considered to be supplement users. Supplement users whose average calculated daily intake of calcium and/or vitamin D supplements was not zero were considered to be calcium and/or vitamin D supplement users.
Statistical methods
The analyses were performed by using Statistical Analysis Software (SAS) version 9.2 (SAS Institute, Cary, NC) (46) . As recommended by the National Center for Health Statistics survey procedures, 4-y dietary weights, stratum, and primary sampling unit variables were used in all analyses to account for complex sampling design and nonresponse to the NHANES survey. The domain option in SAS survey procedures was used to identify the study population. Separate analyses were performed for each BTM in relation to each dietary variable. Sample characteristics were summarized and are presented as frequencies and percentages for categorical variables and as means 6 SEs and CIs for continuous variables. Similar to the HEI-2005, the energydensity method was used to adjust for energy intake; therefore, all MyPyramid food group variables are presented and used in the analytic models, per 1000 kcal. The variations in food group intakes are often due to variations in total energy intake, which is dependent on physical activity and/or body size and may be unrelated to health outcomes and confound the associations (47) . Therefore, density standards allow a common standard to be used that is independent of an individual's energy intake.
In the analytic sample, women with missing confounders, other than waist circumference, were excluded. For the 14 women who had missing waist circumference data, the values were imputed as such: if the body mass index (BMI; in kg/m 2 ) was ,25, then waist circumference was considered ,80 cm. If the BMI was 25 or missing (4 cases), the most common category (waist circumference 80 cm) was assigned.
Regression analyses were performed to examine the linear associations between each of the BTMs and the dietary variables and to examine the correlations between total HEI-2005 score and the MyPyramid food groups. In addition, the means of each biomarker for tertiles of dietary variables, adjusted for relevant confounders, were compared by using multivariate regression models. Wald's F test was used to test the associations between BTMs and tertiles of dietary variables in oneway analysis of variance models. To build multiple regression models, first bivariate regressions of each bone biomarker on the main dietary variables and individual non-dietary variables were conducted. Covariates that changed the dietary variable's b estimate by 10% were selected for inclusion in the full multiple regression model. As a result, age, nicotine exposure, calcium or vitamin D supplements, physical activity, income, and alcohol intake were considered as potential confounders in the BAP models, and age, nicotine exposure, central obesity, income, and ethnicity were included in the NTx/Cr models. Finally, these potential confounders were removed from the full model one at a time, and those variables whose removal altered the main dietary variable's b estimate by 10% were considered confounders and were retained in the final model. This was done to minimize the number of potential confounders in the final model (48) .
The presence of effect modification was examined by creating cross-product terms of dietary variables and potential modifiers, including age group, income, calcium or vitamin D supplement intake, nicotine exposure, physical activity, and ethnicity. The presence of interactions between dietary factors and confounders were tested one at a time and as combined in the model. All tests were 2-tailed, and significance was set at a P value ,0.05. The analyses were also performed with natural logarithmic transformation of BTMs.
RESULTS
Study population
Our study population included 827 postmenopausal women aged 45 y; details of the sample selection are presented in Figure 1 . The mean (6SE) age was 64.8 6 0.5 y, and 53% of the women were between 45 and 65 y of age. In the NHANES survey, an age of 85 y was assigned to those who were aged .85 y. Most women were white, were not exposed to nicotine, and had abdominal obesity ( Table 1) .
The mean (6SE) score on the HEI-2005 was 54.82 6 0.79. The summary statistics for dietary variables are shown in Table 2 . The mean (6SE) values for BAP and uNTx/Cr were 16.28 6 0.36 lg/L and 45.51 6 1.14 nmol BCE/L per mmol Cr/L, respectively. Of the 827 women, 28 had missing BAP and 15 had missing uNTx/Cr values.
Relations between age and time since menopause and BTMs
No associations between age and BAP or NTx/Cr or between the time since menopause (5 y compared with .5 y and 10 y compared with .10 y) and both BAP and NTx/Cr were found. In addition, no effect modification between HEI-2005 and all of the abovementioned age and time since menopause variables for both BAP and NTx/Cr was found. Moreover, running separate analyses for women aged 45-65 or .65 y to examine the association between each BTM and HEI-2005 did not change our overall results. Thus, we report our results for the whole cohort of postmenopausal women.
Relations between dietary factors and BTMs
Overall, few significant linear relations between dietary factors and BTMs were found. On the basis of the unadjusted analyses, no associations were found between absolute intake of food groups and BTMs (Table 3) . BAP had a significant positive association with energy-adjusted added sugars (per 1000 kcal) (Table 3) No significant associations were found between tertiles of HEI-2005, energy-adjusted total grains, fruit, vegetables, discretionary oil or fat, or meat and beans group and BAP or uNTx/ Cr ( Table 4) . A significant association (P = 0.046) was found between tertiles of energy-adjusted MyPyramid servings of milk group and uNTx/Cr. Women in the lowest tertile of milk group had a significantly greater uNTx/Cr than did the middle tertile (Table 4) . Similar results were found for absolute intake of milk group (data not shown). A significant overall association between MyPyramid servings of energy-adjusted added sugars (P = 0.046) and BAP was found. Those in the highest tertile had significantly higher BAP concentrations than did those in the lowest tertile (P = 0.015) (Table 4) . However, the tertiles of the absolute intake of added sugars were not associated with BAP (data not shown).
After adjustment for central obesity, ethnicity, age, and nicotine exposure, the association between tertiles of energy-adjusted MyPyramid servings of milk group and uNTx/Cr remained significant. Women in the lowest tertile of milk group had a significantly higher uNTx/Cr (53. Reported weak or failing kidneys or serum creatinine .2.74 (mg/dL) (50) .
No correlation between total HEI-2005 score and energyadjusted MyPyramid servings of milk group (r = 0.04, P = 0.334) was found, whereas the relation between energy-adjusted MyPyramid servings of added sugars and HEI-2005 was moderate (r = 20.41, P = 0.0001).
No significant interactions were found when tested one at a time or when combined in the model. No quadratic relations were found between BTMs and dietary variables. Analyses using natural logarithmic transformation of BTMs produced similar results; therefore, the data are only shown for nontransformed BTMs. We also examined the associations between the original HEI and BTMs in a similar fashion, and the results were similar (data not shown).
DISCUSSION
This is the first population-based study that specifically assessed the effect of overall diet on BTMs. The results indicate that, although no relations between BTMs and HEI-2005 scores were found, a significant association was found between BAP and energy-adjusted added sugars intake and between uNTx/Cr and milk group score of HEI-2005, as well as tertiles of energy-adjusted MyPyramid milk group intake. The findings suggest that the effects of dietary factors on BTMs are small and perhaps not linear for the milk group.
No relations between HEI-2005 and BTMs
Several reasons are possible for the lack of association between total HEI-2005 score and BTMs. First, we found no relation between milk group intake and HEI-2005. Despite a high dairy intake, one can attain a lower HEI-2005 score due to high fat or sodium intake. Previous studies have shown that a high intake of dairy products is associated with high saturated fat, calorie, and sodium intakes (51) (52) . Second, a similar HEI-2005 score does not reflect similar diets. There are no upper limits on intakes of grains and meat and alternative food servings in the HEI-2005; thus, high consumption of these food groups results in maximum component scores. Grains and meat and alternatives are considered acid-producing foods, which may not be beneficial to bones (5) . Third, because most of the US population does not meet recommendations for dairy, fruit, and vegetables, the effects of a healthy diet may not be readily discovered because of the small number of subjects at the higher end of the diet-quality scores (53) (54) . Fourth, those with a low HEI score tend to have greater abdominal obesity or a larger BMI (55, 56) . The potential negative effect of a diet of low quality might be offset by a greater waist circumference (57) , because some studies suggest that those with a higher BMI or waist circumference have lower BTMs (58) (59) . Finally, although few observational studies have reported protective effects of healthy dietary patterns on bone health in postmenopausal women (11, (60) (61) (62) (63) , these findings were based on BMD or fracture data, which may indicate long-term effect of diet on bone health. Dietary interventions in postmenopausal women have failed to support the beneficial effect of healthy eating on bone status in the postmenopausal years (12, 13, 64, 65) . Perhaps lifelong healthy eating is beneficial to bones, and the deleterious effects of hormonal changes outweigh the beneficial effects of healthy eating in later years (60) .
Relations between milk group and added sugars and BTMs
The beneficial relation between dairy intake and BTMs in postmenopausal women has been shown in previous studies (66, 67) . In the Western diet, dairy products are the major source of calcium, protein, magnesium, and potassium; with intakes of ,3 servings, it would be difficult to achieve adequate amounts of these nutrients through other dietary sources (68, 69) . Although we found a significant association between milk group intake and NTx/Cr, no dose-response relation was found. It is possible that when a sufficient nutrient intake is achieved, no further improvements in bone status occur. In our study, a high intake of sugar per 1000 kcal was associated with higher BAP. However, we found no relation between absolute sugar intake and BAP. Energy-adjusted high sugar intake may indicate a poor-quality diet. In the absence of osteoporosis drug therapy; the markers of bone formation and resorption are coupled, and an increase in BTMs is associated with an increase in the risk of fractures and in a lower BMD (16, 70) . Tucker et al (8) reported that a high candy intake, which indicates a nutrientpoor diet, was associated with lower BMD in older women. A previous study reported that the fruit, vegetable, milk, and grain intakes of individuals with a high sugar intake were lower than those of individuals consuming the same relative amount of energy but a lower amount of sugar (71) .
Potential limitations of the study
One limitation of our study was its cross-sectional design, which cannot provide evidence of a causal relation between HEI-2005, its components or food groups, and BTMs. However, BTMs are dynamic and respond to immediate changes, and a cross-sectional design may be more appropriate than a longitudinal design. Also, 24-h dietary recalls do not reflect usual intakes, and underreporting of total energy by subjects is a common shortfall of this method. Currently, there is no standard adjustment for correcting the underreporting bias. Also it is not clear which underreported foods result in energy underreporting and how this would affect our results. The high frequency of zero values for subcategories of food groups such as milk, yogurt, cheese, berries, citrus fruits, dark-green vegetables, fish, and plant-protein sources limited the examination of the effect of these groups on bone health. Nonetheless, the use of a 24-h dietary recall in large population-based surveys is currently the best method available. Another limitation was the low between-subject variability in the scores of HEIs and their components and food group intakes in this population. Analyses and assessment of BTMs are also subject to day-to-day variation and measurement errors. Despite these limitations, studies have shown that BTMs are independent variables of fracture risk in postmenopausal women (15, 16) . Given that BTMs respond quickly to dietary changes (16, 28) , the cross-sectional design of NHANES 1999-2002 and the use of a 24-h dietary recalls, BTMs are more suitable outcomes than are BMDs or other long-term measures of bone health. Finally, because of the exploratory nature of this study, the multiple comparisons were made without a Bonferroni adjustment (72) ; therefore, these findings should be viewed as trends that need to be further investigated.
Conclusions
Our results confirm the role of well-established dietary risk factors for bone loss and support the ability of a healthy diet with adequate dairy intake to promote bone health in aging women. However, we found that HEI-2005 has limitations in assessing diet in relation to bone health. Given the synergy between various dietary components (73, 74) , the effect of overall diet quality on bone health is worthy of further investigation. To ascertain diet and bone health associations, future dietary intervention trials or assessment of populations with large between-subject variation in the dietary intake of food groups are required. Diet is a major modifiable lifestyle factor, and a properly designed and tested index-based diet quality-assessment tool can be used to address the complexity of diet and the interaction between multiple dietary components in relation to bone health. Research is needed to design and validate an overall diet quality-assessment tool in relation to bone health in postmenopausal women.
